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No temperature rise 
After 24 hr. at room temperature, the reaction was 
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Isothiocyanates reacted with 2-1uercaptoetli)-Irtnline hydrochloride to  give S-substituted products, the hydro- 
chlorides of S-2-aniinoethyl ?;-alkyIdithioc.arbalnstes. With free 2-niercaptoethylaminej one mole of phenyl 
isothiocyanate gave the N-substituted product, l-(2-niercaptoethyl)-3-phenyl-2-thinureaj and two moles gave 
the S,S-disuhstituted product. All aliphatic isothiocyanates gave disubstituted products, the 1-12-(S-alkyl- 
dithiocarbamoq 1)ethyl]-3-aIkyl-2-thioureas, regardless of the relative amount of isothiocyanate. The disub- 
stit'uted products were cleaved by silver nitrate to one mole of the isothiocyanate and the silver mercaptide of 
the 1-(2-niercaptoethyl)-3-aIkyl-2-thiourea, from which the free thiourea was obtained by treatment with sodium 
sulfide. Isocyanates, regardless of relative amount, reacted with 2-mercaptoethylamine to give the ?;,S-disub- 
stituted products. Cleavage with silver nitrate afforded the 1-( 2-mercaptoethyl)-3-alkylurens. 

The behavior of isocyanates and isothiocyanates 
toward active hydrogen compounds has been studied 
since the earliest days of organic chemistry, and it is 
well known that both react vigorously with amines, and 
that isocyanates also react, somewhat less vigorously, 
with alcohols and water.2 In contrast, isothiocyanates 
are so relatively unreactive toward hydroxyl-containing 
compounds that aqueous media often are used in their 
preparation, and their reaction with hydroxyalkyl 
amines gives hydroxyalkyl t h i ~ u r e a s . ~  Both isocy- 
anates arid isothiocyanates have been reported to react 
with thiols,j but there is no evidence to indicate how 
readily these reactions proceed relative to reaction with 
the amino group. Consequently there was no a priori 
way of predicting how compounds coiitaiiiiiig both the 
thiol and the amino function would react with iso- 
cyanates and isothiocyanates. This question became 
of importance in coniiection with the proposed prepara- 
tion of a number of 2-mercaptoethyl ureas and thio- 
ureas for testing as radioprotective drugs, and an ex- 
amination of the reaction of 2-mercaptoethylamine with 
isocyanates and isothiocyanates was undertaken. 

The reaction with isothiocyaiiates was studied first, 
since there seemed to be a better chance of directing 
this reaction preferentially to one or the other functions 
of the 2-mercaptoethylamine molecule. When a solu- 
tion of 2-mercaptoethylamine hydrochloride in ethanol 
(pH 5 to Hydrion test paper) was treated with phenyl 
or n-butyl isothiocyanate, there was no reaction. 
However, when a few drops of aqueous sodium hy- 
droxide were added, raising the pH to 6-6.5, vigorous 
exothermic reaction took place and solid products 
crystallized. Analysis indicated that these products 

(1) This work was supported by t h e  U. S. Army Medical Research and  
Development Command,  Department of the  Army. under Contract Xo. 
D h-44- 193- AI 11-2 174. 

(2)  I. D. Morton and E. Hoggarth.  "Chemistry oE Carbon Compounds," 
Vol, IB ,  E. H .  Rodd. Ed.,  Elsevier Publishing Co., .Inisterdam, The  Nether- 
lands,  1952. D 939. 

(3)  AI .  L.  Moore and F. S. Crossley, "Organic Syntheses." Coll. Vol. 
111. John \Tiley and Sons. Inc . ,  New York, N.  Y.,  1955, p. 599. 

(4)  F. B .  Dains,  R .  Q. Brewster. I. L. hlalin.  A. W. hliller, R. V ,  Maneval,  
a n d  J .  .\. Sultzaherger. J .  4 m .  Chem. Soc., 47, 1981 (1925). 

( 5 )  E. E. Reid,  "Organic Chemistry of Bivalent Sulfur, ' Vol. I V ,  Chemi- 
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1 1  

HSCHzCHzNH1 +C1- + RNCS + RSHCSCHzCHzXHa+CI- 

were the result of reaction a t  the thiol fuuction, that  is, 
that  they were the hydrochlorides of S-2-aminoethyl 
S-phenyldithiocarbamate (72oj, yield) and S-n-butyl- 
dithiocarbamate (74%), respectively. This structure 
assignment was confirmed by their chemical behavior 
and by the fact that 2-dimethylaminoethanethiol hy- 
drochloride, which can react only at the thiol function, 
reacted vigorously with phenyl isothiocyanate at pH 6. 
Treatment of an aqueous solution of the product with 
base gave free S- (2-dimet hylami no) et hyl S-phe iiyld i- 
thiocarbamate in 66% yield. 

The dithiocarbamates derived from 2-mercaptoethyl- 
amine were much less stable. The hydrochlorides dis- 
solved in water to give clear solutions, but the solutions 
underwent rapid hydrolysis. I n  a few minutes cloudi- 
ness appeared, and the characteristic odor of the parent 
isothiocyanate became strongly noticeable. When the 
hydrochlorides were treated with an equivalent of weak 
base, they rearranged to  the corresponding S-sub- 
stituted derivatives of 2-mercaptoethylamine, giving 

S 
EtaN 

RNH&SCHzCH2NH3+C1- --- 
S 

\ /  It 
C 1 +HSCH2CH,NHCNHR 

L R <  " Z 4 H . i  

HgClz 1- EtaN RNCS + ClHgSCH2CHzNHS 

1-(2-mercaptoethy1)-3-phenyl-2-thiourea (77y0) and 
somewhat impure 1-(2-mercaptoethyl)-3-n-butyl-2- 
thiourea (77%). This rearrangement appears to be 
exactly analogous to  the known rearrangement of S- 
acyl 2-mercaptoethylamine derivatives.6 ' ,4s a pre- 
parative route to  2-mercaptoethy1thiou1-eas this reaction 
was less satisfactory than other techiiiques to be de- 

(6) J Baddiley and  E M Thain ,  J Chem Soc , 3425 (19511 
(7) T Wieland and  E. Bokelmann, A n n ,  e76, 20 (1952) 
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TAB1.E 1 
1- [2-( S-.41,KYI,DITHIoCARBAMOY 1,)ETHY L-3-ALKYL] -2-THIOUREAS 

S S / '  I1 
RSHCSCH~CH~SHCSHI~ 

Caled.------- P 

Yield, 70 RI.p. ,  O C .  C H N H C 

74 136-1 38 32.26 3 . 8 0  18.81 43.06 32 , 40 
78 124.5-126.5 38.21  6.82 16.71 38.25 38 .10  
87 128-120..i 42,{)7 7. .% 15.04 34.42 13.04 

100 98-101.5 46.87 8 . 1 0  13.66 31 .28  47 .  02  
09 91-92, :j 55 .19  H.A'L 10.73 24.56 55.11 
98 150.t5-152.,?J 5.i.30 4.93 12.09 27.68 5 5  15 

----Tound--- 
H h- 

5 . w  18.69 
6.86 16.71 
7 .60  14.X8 
8.10 13 .67  
9.49  10.7s  
5 ,  02 1 1 . 0 5  

-- 
S 

43 24 
88 11 
3 4  25 
31 46 
24 59 
27 85 

Thiourea Dei 1 1 .  R.I.P., OC. C 

57 33 158-160 37 97 
38 73 142 5-145 39 99 
47 69 13.5-137 43 56 
66 90 14.5 d-146 5 47 98 

scribed later. The free dithiocarbamates appaiwitly 
imluired a fiiiite period to rearrange, for wheii a sus- 
peiisioii of S-2-amiiioethyl N-phenyldithiocarbamate 
hydrochloride iii acetone was treated with ti+thylamiile 
aiid then iiiimediately with a solutioii of mercuric 
chloride in acetone, pheiiyl isothiocyaiiate was obtained 
iii 41% yield. This could have been ohtaiiied oiily 
from the dithiocarbamate by metal ioii-assisted niercap- 
tail elimiiiation.8 Regeneratioii of the isothiocyaiiate 
in  this reaction constitutes excelleiit proof that the 
structure of the dithiocarbamate was coixctly assigiied. 

When free 2-mercaptoethylaniiiie was treated I\ ith 
an eyuirnolar amouiit of pheiiyl isothiocyaiiate, i'eac- 
tiou took place at the amino fuiictioii, aiid 1-(2-n1er- 
captoethyl)-3-pheiiyl-2-thiourra was ohtaiiied iii 91% 
yield. It \!as expected that this ineactioii could be ex- 
tended to the aliphatic isothiocyaiiates aiid that a 
swics of a-iiiei.captocthylthioiii,eas could he pt*epai,ed 
easily. However, aliphatic isothiocyaiiatcs iiivariably 
reacted at both fuiictiolis of 2-inr~~captoethylaiiiiiic 
even wheii presriit i i i  deficieiit aniouiit, and the prod- 
ucts writ the 1 - [%( S-alkyld i t hiocaihmioyl) rt hyl]-3- 
alkyl-2-thiourcas. Products of this type were prepared 

S S 
' I  I 

HSCHzCH2SHz + R S C S  - RNHCSCHzCHzXHCSHH 

from a iiurnbri, of aliphatic isothiocyaiiatcs aiid f i m i  

phenyl isothiocyanate when it rcactrd with 2-niei~apto- 
ethylaniinc i i i  a 2:1 yatio. The pyoperties of these 
rnatcikils we sumniai-izcd iii Table I .  The excellent 
yields ivportcd \tri'c' ohtainrd with a 2:l isothiocyanatc 
to 2-mei.captoethylamine mole iatio. 

Siiice the 1- (2-(N-alkylditliiocart~amoyl)etliyl]-3- 
alkyl-2-thioureas were casily prepared and easily puri- 
fird by i*eci.ystallixatioii, they appeared to he excellent 
staitiiig m a t e i d s  for the pi.eparatioii of 2-nieicapto- 
cthylthiorii~eas. Basic hydi.olysis inemoved the dithio- 
carbamoyl group, but the 2-i~ic.rcaptoetliylthioureas 
(8) A I' rerrlsand B 4 Schiit7. .I Org .  Chem OS, 71 (1963) 

H N F C n N F 
3 83 17 71 20 27 3X 05 3 X!) 17 68 20 38 
4 27 16 $16 19 41 40 02 4 3 0  16 83 19 12 
3 06 I,? 63 17 89 43 66 4 88 1,; 50 18 00 
F 04 1 3  99 16 01 48 17 ti l t i  14 04 I5 88 

wei'e o1)taiiied i i i  impui-e form. A inorr satisiactoisy 
preparative procedui*c was to treat the N,S-disub- 
stituted products with silvci. niti,atc in acetonitrile. 
The N-alkyldithiocarhsnuoyl function was clcavcd by 
this ti-eatnieiit and the thiouiaea fuiiction was uiiaffrctcd, 
the prcducts being one mole of alkyl isothiocyaiiate 
aiid the silver mercaptide of tlir %-iiiei*cnptoethyl 
thiourea. l'liis prcpai-atioii is aiiother rxamplr of the 

S S 
'I ' I  i lgN01 

RNHCSCH,CH>NHCNHR ----+ 
Et3S 

S 
I1 

I1SCS + ICtsNH+NO?- + A~SCH?CH?NHCNHI t  

NH?> haOJi  1 
S S S n  
I '  H +  

HSCH,CH>SHCKHIi +-- SttSCH2CH?NHC=NR + Ag2S 

metal ion-assistcd mercaptan cliniiiiat ion iwction,8 one 
in whirli the i i i c i~~ip tan  is the pivduct of iiitcrest and 
not the isothiocyaiiate. Silvri, ioii could not be cliiiii- 
iiated coinpletcly froiii tlic nir~*captidc by ti-eatiiient 
with hydrogen sulfide, but ,  when thp incrcaptide was 
trituratrd with a soliltion of sodium sulfide aiid sodium 
hydroxide, silvci. siilfidc was prcripitatcd completely. 
.lcidificatioii of the hltratc gave the 2-incrcaptoethyl- 
thiourea in  rrlativcly pui'r form. I n  thiF manner the 
I-alkyl-X-(%-iiiei~captortliyI)-2-tliiourras wei'r prepai-ed 
in  which the alkyl gimip was nicthyl, rthyl, impropyl, 
n-hityl ,  and n-hcptyl. All ]Jut t he isopropyl coiiipotuid 
were liquids at i'ooiii teiiipri.atui,r. 

When m i  attempt was made to distil 1-(2-mcrcapto- 
ctliyl)-:~-n-l~~ityl-2-tliio~ii~ea at rrduerd prcssiire, mate- 
rial cainc over a t  102-120° (1.5 i m i . )  aiid solidified i n  
the rcccivcr. 'I'his solid gave ail infrawd spectruin 
quirc difl'erent f i a i i i  that of the thiourea. I t  appeared 
that cyclization to ~ - t ~ - ~ ~ r i t y ~ a m i i i o - ~ - t h i a z o ~ i n c  had oc- 
curred, aiid this wns coiihi~nicd when the thiazoliiir was 
prepared by trcating 2-ainiiioethaiiol with n-butyl iso- 
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TABLE I11 

0 0 
1 1  I \  

RYHCSCHZCHzSHCXHR 

1- [2-( ~-AI.KYI.THIOLCARBAMOYI,)ETHYL]-3-AI~KYI.UREAS 

R Yield, % 
n-CaH7 94 
n-C4Hg 82 
n-C1&5 100 
CzH5OZCCHz 83 
CsH5 96 

R Yield, % 
n-CsH7 87 
n-C,Hg 85 
n - C J L  79 
CzH5OzCCHz 59 
HOZCCHZ 71 
C J L  99 

M p  O C  C H N S 

138-139 48 .55 8 56 16 99 12 96 
127 5-130 52 33 9 15 15 26 11 64 
129 5-131 67 28 11 50 8 41 6 41 
131-133 5 42 97 6 31 12 53 9 56 

196 5-200 60 93 5 43 13 32 10 17 

TABLE I V  

0 
1-( ~-~'~ERLAPTOETHYL)-~-ALKYIJL REAS 

I1 
HSCH2CHzSHCSHR - Calcd __ 

M p  o c  C H N S 

120-12 1 44 41 8 70 17 27 19 76 
75 5-77 47 69 9 15 15 90 18 19 
98-99 62 45 11 18 9 71 11 11 

85 5-87 40 76 6 84 13 58 15 54 
149 5-150 5 33 70 5 66 15 72 17 99 
141 5-143 55 07 6 16 14 28 16 33 

thiocyanate and treating the product with hydro- 
chloric acid. Sirice most of the 2-mercaptcethyl- 
thioureas could not be purified either by crystallization 
or by distillatinn, they were characterized as 2,4-di- 
nitrophenyl sulfides (Table 11). 

A 
S 
1 1  

CdHgSHCNHCHzCHzSH ---+ CIH~XH-C 

The isocyanates had an even stronger tendency than 
the isothiocyanates to react a t  both ends of the 2-mer- 
captoethylamine molecule. When phenyl isocyanate 
was added to a suspension of 2-mercaptoethylamine 
hydrochloride in acetonitrile no reaction took place. 
When a little water was added the 2-mercaptoethyl- 
amine hydrochloride hydrolyzed sufficiently to react, 
and the N,S-disubstituted product, 1- [2-(S-phenyl- 
thiolcarbamoyl)ethy1]-3-phenylurea, was formed, along 
with some sym-diphenylurea from reaction of the iso- 
cyanate with water. Free 2-mercaptoethylamine re- 

HSCHzCH?NH~+Cl-  + HzO s 
HSCHzCHzNHz + H?O+ + C1- 

C,H59HCSCHzCHzNHCKHCRH, 

acted with one mole of phenyl isocyanate to give a 48y0 
yield (based 011 2-mci~aptcethylamine) of the S,S-di- 
substituted material as the sole product. With two 
moles of isocyanate the yield was 96%. When the 
sodium salt of 2-mercaptoethylamine rractod with the 
isocyai~ate, the disubstituted compouiid was again the 
principal product, but a 3 4 z y i e l d  of 1-(2-mercapto- 
ethyl)-:<-pheiiylurea was obtained also. A better route 
to the niercaptoethylurea (99yo yield) was cleavage of 
1- [2-(N-phenylthiolcarbamoyl)ethyl]-3-phenylurea with 

Found 7 

C H N 8 

48 72 8 65 16 72 13 16 
52 18 8 98 15 41 11 18 
67 16 11 36 8 54 6 60 
43 08 6 49 12 58 0 10 
60 76 5 58 13 31 10 l!) 

Found----- 
C H 5 5 

44 58 8 56 17 08 19 83 
47 48 9 01 16 06 18 32 
62 24 11 08 9 79 11 22 
40 69 6 69 13 38 15 70 
33 76 5 70 15 83 17 99 
55 18 6 23 14 22 16 19 

silver nitrate, followed by treatment of the silver 
mercaptide with aqueous sodium sulfide or alcoholic 
hydrogen sulfide. 

Extension of this reaction to other isocyanates pro- 
vided a very general route to 1-(2-mercaptoethy1)-3- 
alkylureas. Reaction of 2-mercaptoethylamine with 
two moles of isocyanate, followed by cleavage of the 
N,S-disubstituted product with silver nitrate or mer- 
curic chloride and treatment of the mercaptide with 
sulfide gave good yields of mercaptoethylureas. 

AqNOs EtaN .1 
0 

AgSCH?CH*NHCNHR I1 

HSCHzCHzXHCNHR I 1  + AgzS 

+ RNCO + EtaNH+NO$- 

HIS .1 
0 

The N,S-disubstituted compounds from a-propyl, 
n-butyl, and n-dodecyl isocyanates and frpm ethyl 
isocyanatoacetate were prepared, and all nerr  cleavcd 
to the corresponding mercaptoethylureas by the metal 
ion-assisted reaction. In additicn, 1- [2-(N-ethoxy- 
c a r b o  n y 1 m e t  h y 1 t h i o  1 carbamoyl)ethyl]-3-c~thoxycar 
bonylmcthylurea ivas hydrolyzed directly to 1-(2- 
mercaptoethy1)-3-carbcxymethylurea in 717, yield by 
treatment with aqueous base. Recently 1-(2- 
mercaptoethyl)-3-methylurea has been pi,epared by 
treating cystamine (the disulfide of Z-mercnptoethyl- 
amine) with methyl isocyanate and suhjertiiig the  prod- 

EtO~CCHzNHCSCHzCH~NHCXHCH&O2Et 
I 0 I NaOH 

then H + 

1 
+ HSCH2CHzXHCNHCH2COlH 



XOVEMBER, 1963 REACTIONS OF ~IERCAPTOARIINES.  I 3143 

uct to electrolytic r e d u ~ t i o n . ~  Unless eyuipnieiit for 
such reduction is readily available, the technique here 
described will be found more convenient. Properties 
of the 1- [ 2  - (S-alkylthiolcarbamoyl)ethyl]-3-alkylureas 
are summarized in Table 111, and those of the 1-(2- 
mercaptoethyl)-3-alkylureas in Table IV. 

Experimental lo 

S-( 2-Aminoethyl) N-Phenyldithiocarbamate Hydrochloride .- 
To a solution of 12.5 g. (0.11 mole) of 2-mercaptoethylaniine 
hydrochloride in 100 ml. of !XI?; ethanol (pH 5 . 5 )  was added 13.5 
g. (0.10 mole) of phenyl isothiocyanate a t  23".  There was no 
apparent reaction. When 5 drops of 10'jc sodium hydroxide 
solution was added ( p H  6 )  the temperature began to  rise. .4t 38' 
solid began to precipitate, and a t  40" the mixture set up  solid. 
After 2 hr.  the temperature had fallen back to  room temperature. 
An additional 50 ml. of ethanol was added, and the solid was re- 
covered by suction filtration. Cooling the filtrate in ice brought 
down more solid, also recovered by suction filtration. The solids 
were combined and dried in air. The crude S-(Z-arninoethyl) 
S-phenyldithiocarbamate hydrochloride thus recovered amounted 
to 17.9 g .  (72%,) and melted a t  155-162'. The solid was recrys- 
tallized twice from 95% ethanol to give pure product, m.p.  160- 
164' dec. 

Arial. Calcd. for CsH13N2S2C1: C, 43.45; H, 5.27; N, 11.26; 
S, 25.77. Found: C ,  43.23; H,  5.28;  N, 11.18; S, 25.91. 

S-( 2-Aminoethyl) N-n-Butyldithiocarbamate Hydrochloride .- 
2-hlercaptoethylamine hydrochloride (12.5 g., 0.1 1 mole) and 
11.5 g. (0.10 mole) of n-butyl isothiocyanate reacted as described 
previously to give 17.0 g. (74Yb) of S-('L-aminoethyl) S-n-butyl- 
dithiocarbamate hydrochloride, m .p .  1.51-155". Two recrys- 
tallizations from absolute ethanol gave pure product, m.p.  163- 
156'. 

'4naL. Calcd. for C7H,7N2S2C1: C ,  36.74; H ,  7.49; N ,  12.25; 
S, 28.0%; CI, 15.50. Found: C, 36.77; H ,  7 . 5 7 ;  K,  12.24; S, 
28.13; CI, 15.38. 

S-(2-Dimethy1amino)ethyl N-Phenyldithiocarbamate.-2- 
(1)iniethylarnino)ethyl mercaptan hydrochloride (7.1 g . ,  0.05 
mole) and 6.8 g. (0.95 m d e )  of phenyl isothiocyanate reacted as 
described previously, and the reaction mixture was poured into 
200 ml. of ice water. When the mixture was made strongly basic 
a solid separated. After recovery and drying i t  amounted to  
7.9  g .  (66cx) ,  m.p.  109-113". Two recrystallizations from 05c/, 
ethanol gave 4.9 g.  of pure S-(2-dimethylainino)ethyl S-phenyl- 
dithiocarbamate, m .p. 110.5-1 12.5'. 

A n a l .  Calcd. for CIIHIGN2S2: C ,  54.96; H ,  6.71; X,  11.66; 
S,26.67. Found: C,54 .82;  H ,6 .76 ;  N, 11.87; S ,26 .46 .  

1-(2-Mercaptoethyl)-3-phenyl-2-thiourea.-To a solution of 
6.8 g .  (0.06 mole) of 2-mercaptoethylamine hydrochloride in 36 
nil. of 95% ethanol was added a solution of 2.4 g. (0.06 mole) of 
sodium hydroxide in 4 ni l .  of water. Sodium chloride precipi- 
tated. T o  this mixture a t  23" was added 6.8 g. (0.05 mole) of 
phenyl isothiocyanate. The temperature rose rapidly to 39", 
then dropped slowly. After 2 hr.  the reaction niixture was poured 
into 200 nil. of ice water, and a solid separated. After recovery 
by suction filtration and drying in  vacuo the crude 1-(2-mercapto- 
ethyl)-3-phenyl-2-thiourea amounted to 9.7  g.  (91 %), m.p. 105- 
114'. Two recrystallizations f r o i n  !)5% ethanol raised the melt- 
ing point t o  113-116.5'. 

'4nal .  Calcd. for C,Hl,N2Sy: C, 50.91; H ,  5.70; S ,  13.20; 
S, 30.20. Found: C ,  50.74; H ,  6.60; X ,  13.41; S, 30.48. 

1-[2-( N-ti-Butyldithiocarbamoyl)ethyl] -3-n-butyl-2-thiourea.- 
To a suspension of 11.4 g .  (0.10 mole) of 2-rnercnptc~ethylamine 
hydrochloride in 25 ni l .  of 95:/, ethanol was added a solution of 
4.0 g. (0.10 mole) of sodium hydroxide in 5 nil .  of water. .4 new 
solid came out of solution. To this mixture was then added 23.1 
g. (0.2 mole) of n-butyl is:)thiocy:innte. The  tempernturo rose 
rapidly f r o m  33" to i s " ,  then dropped hack to  30" over about an 
hour. The reaction mixture was then poured into 400 1111. of 
ive water. The solid whivh separated WHS recovered by sllrtion 
filtration and dried in vacoo. The crude 1-[2--(N-n-butyldithio- 
~~arbanioyl)ethy1]-3-n-butyl-~-thiourea amounted to 30.8 g. 

( Y )  I<. Hchiiiiriielschmidt, H. Hoffiiiann. and E. Afrindlos, Ber . ,  96, 38 

(10) All  melting points a r e  corrected and boiling points are uncorrected. 
(lW4). 

Microanalyses by Galhraith Laboratories. Knoxville, Tennessee. 

(100%). The entire sample was recrystallized from 150 ml. of 
acetonitrile to give 17.5 g. of purified material, m.p. 98-101.5'. 
A second recrystallization of a portion from acetonitrile did not 
change the melting point. 

Anal. Calcd. for C12H25X3S3: C, 46.87; H ,  8.19; N ,  13.66; 
S, 31.28 Found: C, 47.02; H ,  8.10; N ,  13.57; S ,31 .46 .  

1-(2-Mercaptoethyl)-3-rc-butyl-2-thiourea.-To a solution of 
55.4 g .  (0.18 niole) of 1- [2- (  N-n-biityldithiocarbanioyl)ethyl] -3- 
n-butyl-2-thiourea in 250 nil. of acetonitrile was added 18.2 g.  
(0.18 mole) of triethylamine and, with vigorous stirring, a solu- 
tion of 30.6 g. (0.18 mole) of silver nitrate in 75 nil. of acetonitrile. 
The gray-brown silver derivative which separated was recovered 
by suction filtration and washed with acaet,onitrile. The damp 
solid was triturated with a solution of 63.1 g. (0.25 mole) of 
sodium sulfide nonahydrate to which 100 ml. of lo?/, sodium hy- 
droxide solution had been added. The black silver sulfide which 
was formed was removed by filtration and washed with water. 
A yellow oil separated when the filtrate was made acid with 5 N 
hydrochloric acid, and was extracted into two 200-ml. portions 
of ether. The ether solution was dried over anhydrous magnesium 
sulfate, and on evaporation left 16.4 g .  (47%;)  of yellow liquid 
1-( 2-niercaptoethyl)-3-n-butyl-2-thiourea. 

An attempt was made to distil a 5.*5-g .  sariiple of the crude 
thiourea a t  reduced pressure. At 1 .5  nim. and a pot tempera- 
ture of 150-17O0, material distilled at 102-120' (1 .5  mm.)  and 
solidified in the receiver. There was obtained 2 .5  g. of white 
solid, m.p. 61-66'. The infrared spectrum of this material was 
identical to tha t  of 2-n-butylamino-2-thiazoline. Yield of thiazo- 
line produced in this pyrolysis was 559;.  

To a solution of 1 .!) g. (0.01 mole) of crude thiourea in 25 ml. of 
93% ethanol was added 4 ml. of 10% sodium hydroxide solution 
(0.01 mole) and a solution of 2.0 g .  (0.01 mole) of l-chloro-2,4- 
dinitrobenzene in 3.5 ml. of ethanol. The solution was heated to 
boiling and filtered hot,  and on cooling deposited a yellow solid. 
The  2,4-dinitrophenyl sulfide derivative of l-('l-niercal,toethyl)- 
3-n-butyl-2-thiourea amounted to 2 .5  g. (69(,; ). ni.p. 135-137". 
Two recrystallizations from ethanol gave purified solid, 
m.p. 13.5-137". 

Anal. Calcd. for Ci3H180,S,S2: C ,  43.56; H ,  5.06; S ,  15.63: 
S, 1i .89.  Found: C, 43.66; H ,  4.88; S ,  15.50; S, 18.00. 

2-ri-Butylamino-2-thiazoline.-To a solution of 9.2 g. (0.15 
mole) of 2-aniinoethanol in 50 nil. of 957; ethanol was added 
slowly 17.3 g. (0.15 mole) of n-butyl isothiocyanate. The  tem- 
perature was held a t  30-45" by cooling. After standing 3 hr . ,  the 
reaction mixture was poured into 300 ni l .  of ice-water, and an oil 
separated. The oil was extracted into two 100-nil. portions of  
ether, and the ether solution w.as dried over anhydrous niagne- 
siuni sulfate. Evaporation of the ether left 21.3 g .  (81 7;)) of crude 
1 -n-butyl-3-( 2-hydrcixyethyl j-2-thiourea. 

To the crude thiourea (0.077 mole) was added 66 ni l .  (0.77 
mole) of concentrated hydrochloric acid, and the resulting 
homogeneous solution was heated under reflux for 7 hr.  The  
solution was cooled in ice and made strongly basic with :t solution 
of 35 g. of sodium hydroxide in 50 nil. of water. A white solid 
separated and was rec'overed by suction fi1tr:ition and dried. The  
crude 2-n-butylaniino-2-thiazoline amounted to 1 7 . 2  g. (!)0(%)) and 
melted a t  64-67.5". 4 sample recr,vstallized from 1 : 1 ethanol- 
water melted a t  67-60". 

.-lnal. Calcd. for C~HIAN~S:  C, 53.12; H ,  8.92; S ,  1i.71; 
S, 20.26. 

Rearrangement of S-( 2-Aminoethyl) N-Phenyldithiocarbamate 
Hydrochloride.-In 50 nil. of anhydrous acetonitrile was sus- 
pended i . 5  g .  (0.03 mole) of 5- (2  aniinciethyl) N-phenyldithio- 
carbamate hydrochloride, and 4.0 g .  (0.04 mole) of triethylaniine 
was added. On trituration all the solid went into solution, and a 
new solid crystallized. After 2 hr.  the niixture was poured into 
300 nil. of w t e r ,  and an oil separiited and crystallized. a f t e r  
recovery and drying the solid amounted to 4.9 g .  ( 7 7 5 , ) ,  ni.p. 
1 1  1.5-1 14'. Its  infrared spectriini was identical with that of an 
nuthentic. sanilile of 1-( 2-1iiercaptoethyl)-3-phenpl-2 thiourea. 

1-(2-Mercaptoethyl)-3-isopropyl-2-thiourea.-The procedurr 
for 1 -(Z-niercaptoethyl j-3-n-butyl-2-thourea was followed with 
2S.0 g .  (0.10 I mole) of 1 - [2-( isopro~~yldittiioc~:~rbanioyl jethj-1] -3- 
isopro1)yl-3-thioure~~, 17.0 g .  (0.10 n ide )  of silver nitrate, 10.1 
g .  (0.10 mole) of triethylamine, and 28.8 g .  (0.12 mole) of sodium 
sulfide nonahydrate. There was obtained 12.6 g .  (7 lC<i  j of crude 
1-( 2-mercaptoethylj-5-isopropyl-2-ttiiourea, ni .p. 102-103". T w o  
recrystallizations from 95% ethanol gave pure material, m .p .  102- 
103.5'. 

Found: C, 52.97; H ,  8.06; N ,  17.83; S, l!).99. 
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Anal. Calcd. for C~HI ,N&:  C, 40.41; H, 7.91; N, 15.71; 
S,35.06. Found: C ,  40.58; H ,  7.94; N ,  t5.79; S,36.17.  

1- [Z-( N-Phenylthiolcarbamoy1)ethyll-3-phenylurea .-To a sus- 
pension of 6.8 g. (0.05 mole) of 2-mercaptoethylamine hydro- 
chloride in 50 nil. of acetonitrile was added 5.1 g. (0.05 mole) of 
triethylamine. A new solid came out of solution. To the result- 
ing suspension was added 6.0 g. (0.05 mole) of phenyl isocyanate. 
The t,emperature rose rapidly from 25' to 53",  then dropped bark 
to 25" over about 90 niin. The reaction mixture was poured into 
200 nil. of ice water and a solid separated. After recovery by 
suction filtration and drying, the 1-[2-( S-phenylthiolcarbarni~y1)- 
ethyl]-3-phenplurea amounted to 7.6 g.  (96(,6), m.p. 165-18!)0. 
A portion of this solid was recrystallized three times from 9552 
ethanol to give material melting a t  196.5-200". 

Anal. Calcd. for Cl6HliO4N38: C, 60.03; H, 5.43; S, 13.3'2; 
S, 10.17. Found: C, 60.76; H, 5.58; N ,  13.31; S, 10.19. 

1-(2-Mercaptoethyl)-3-phenylurea.-In a solution of 4.6 g .  
(0.0457 mole) of triethylamine in 7.5 ml. of acetonitrile was sus- 
pended 14.4 g.  (0.0457 mole) of 1-[2-(N-phenylthiol~~arbaii i~~,~I)-  
ethyl]-3-phenylurea. T o  the suspension was added a solution of 
7.8 g. (0.0437 mole) of silver nitrate in 25 nil. of acetonitrile. 
The niisture was triturated for an hour, an intense odor of phenyl 
isocyanate becoming apparent. The pH a t  this point was about 
six. When 2 ml. of triethylamine was added, bringing the pH to 
7 . 5 ,  the isocyanate odor rapidly disappeared. 

The solid silver mercaptide was recovered by swtion filtrat,ion 
and washed with 25 nil. of acetonitrile. While still damp i t  was 
added to  a solution of 18.0 g .  (0.075 mole) of sodium sulfide non- 
ahydrate in 75 nil. of water. Black silver sulfide appeared rapidly 
when the mixture was triturated. When conversion appeared to 
be complete, the silver sulfide was recovered by suction filtration, 
washed with 25 ml. of water, and air-dried. The aqueous fil- 
trate was made strongly acid with .5 N hydrochloric acid, and a 

copious cream colored precipitate came down. This wa8 re- 
covered by suction filtration, washed with 25 ml. of water, and 
air-dried. The acetonitrile filtrate from the original reaction was 
poured into 300 nil. of water, and a white solid, presumably by- 
product 1,3-diphenylurea, came out .  It was recovered by suc- 
tion filtration and dried. 

The silver sulfide recovered amounted to 6.2 g .  (theory 5.7 g. ) .  
The by-product 1,3-diphenylurea amounted to 3.7 g. (775&), m.p. 
221-228'. After recrystallization from ethanol i t  melted 
a t  236-243". The crude 1-(2-mercaptoethyl)-3-phenylurea 
aniounted to 8.9 g. (9YCx). Recrystallization from 75 ml .  of 
ethanol gave 7.2 g. of relatively pure material, m.p. 141-143". 
Two more recrystallizations from ethanol gave an analyticaal 
sample, ni. p.  141.5-143'. 

dnal .  Calcd. for CyH,,0S2S: C, 55.07; H, 6.16; S ,  14.28; 
S, 16.33. Found: C,  55.18; H,6 .23;  N ,  14.22; S, 16.19. 

l-(Z-Mercaptoethyl)-3-carboxymethylurea.-To 16.8 g.  (0.0.5 
niole) of 1-[2-( S-ethosycarbonylniethylthiolcarbamoyl~ethyl] -7- 

rbonylmethylurea was added 80 nil. of l0'x sodium 
hydroxide solution (0.20 mole). The solid went into solution 
rapidly, and the solution became warm. After an hour the solu- 
tion was filtered and cooled in ice, and 40 nil. of 5 hydrochloric 
acid was added slowly. Gas evolved vigorously, and a svlid 
rrystallized. It,  was recovered hy.suction filtration and dried in a 
va('uuii1 oven. The crude 1-( %-niercapt,oethyl)-3-carboxymeth~I- 
urea amounted to  6.3  g.  (719;), 1n.p. 143-147". The crude prod- 
uct was dissolved in 60 ml. of hot ethanol, and the solution was 
filtered to  remove a small amount of sodium chloride. Cooling 
brought, down 3.7 g. of purified urea, m.p. 147-149". A portion 
was recrystallized a second time from ethanol to give an  analytical 
sample, in .p. 149.5- 1 30 .So. 

i lnal.  Calcd. for C,HloO,?r'&: C ,  33.70; H, 5.66; S ,  15.7%; 
R, 17.99. Found: C ,  33.76; H,  5.70; N ,  15.83; S, 17.99. 

The Dealkylation of Aromatic Amines 

RALPH 1-2. CHANBEKR' A N D  I). E. I'EARSOX~ 
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Tertiary aromatic amines were dealkylsted smoothly to secondary aromatic amines a t  about 150" by passing 
Secondary aromatic amines were converted to  anilines at about 

All the rates followed pseudo first-order kineticas which made possible a comparative study among a 
hydrogen bromide through the molten salt. 
200". 
number of tertiary amines under v:trying mnditions. 

We observed the rather iiiiusual results of ail attemp- 
ted Friedel-Crafts rcactioii. para Substitutiou iir di- 
methylaiiiline was anticipated hut iiistead the product 
I was isolated in good yield. Obviously a dealkylatiori 

I NH I a Y1 CH3NCH3 

had occurred prior to the coiipliiig process, aiid this 
paper reports our study of the dcalkylatioii procesb. 

Many inethods of dealkylatioii are available.:'-" 

Oiily a few methods deal with the direct action of a 
niineral acid on an alkylamine, stemniing mainly from 
the work of FIickiiibottom,lJ li who found that N- 
methylaniliiie, heated in a slow stream of hydrogel1 
chloride, yields aiiiline. 1Ionoalkylaiiiliiie hydrobro- 
midcs decompose between 250-300 O with thc elimiiia- 
tioii of the alkyl group as olefin arid alkyl bromide. 
l'crtiary alkyl groiips arc removed readily by acids a t  
110 -lL100.15 Treatment of N-mrthylatiiline uiider 
Zeisel coiiditions results in a yield of oiily 3% methyl 
iodidc. N-Biitylaidiiie is uiiaffected by 10 N sulfuric 
acid at  140" for 30 horirs. An iuterrstiiig applicatioii 
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